Pushing the Limits of a Molecular Mechanics Force Field To Probe Weak CH···π Interactions in Proteins.
The relationship among biomolecular structure, dynamics, and function is far from being understood, and the role of subtle, weak interactions in stabilizing different conformational states is even less well-known. The cumulative effect of these interactions has broad implications for biomolecular stability and recognition and determines the equilibrium distribution of the ensemble of conformations that are critical for function. Here, we accurately capture the stabilizing effects of weak CH···π interaction using an empirical molecular mechanics force field in excellent agreement with experiments. We show that the side chain of flanking C-terminal aromatic residues preferentially stabilize the cis isomer of the peptidyl-prolyl bond of the protein backbone through this weak interaction. Cis-trans isomerization of peptidyl-prolyl protein bond plays a pivotal role in many cellular processes, including signal transduction, substrate recognition, and many diseases. Although the cis isomer is relatively less stable than the trans isomer, aromatic side chains of neighboring residues can play a significant role in stabilizing the cis relative to the trans isomer. We carry out extensive regular and accelerated molecular dynamics simulations and establish an approach to simulate the pH profile of the cis/trans ratio in order to probe the stabilizing role of the CH···π interaction. The results agree very well with NMR experiments, provide detailed atomistic description of this crucial biomolecular interaction, and underscore the importance of weak stabilizing interactions in protein function.